Abstract Objective To explore the relationship between hypoxemia and hearing in children with obstructive sleep apnea-hypopnea syndrome. Methods Auditory brainstem responses（ABRs）were recorded in 68 ears and distor• tion product otoacoustic emissions （DPOAEs）in 60 ears in children with OSAHS and type "A"tympanograms, and in 30 ears in normal children. Results ABR latencies of waves I, III and V, and I-III, III-V and I-V intervals were not statistically different between OSAHS and normal children. Wave I latency was delayed in children with OSAHS com• pared to normal children3（P＜0.05） . DPOAE amplitudes in children with mild OSAHS were lower than normal chil• dren at 8 kHz（P ＜ 0.05） . DPOAEs were lower at 6 kHz and 8 kHz in children with moderate/severe OSAHS than normal children（P ＜ 0.05） . Conclusion Cochlear function was affected when AHI was at or greater than 10/hour. ABR and DPOAE can be used to detect early changes in auditory function in children with OSAHS.
Introduction
Obstructive sleep apnea-hypopnea syndrome （OSAHS）refers to sleep respiration disorders character• ized by long time partial and/or intermittent complete ob• struction of upper airway. It disturbs normal sleep venti• lation and sleep formation 1 . The morbidity rate in child• hood is about 1-3% , especially in 2-8 years old chil• dren 2, 3 . Long-term sleep apnea-hypopnea may influ• ence child growth and development and can sometimes result in serious complications. The primary pathophysi• ological mechanism is recurrent attacks of hypoxemia and hypercapnia. Auditory brainstem responses（ABRs） and otoacoustic emissions（OAEs） have been used as neurophysiological indexes of influences of hypoxemia in adult OSAHS patients. In light of the research on adults, ABRs were recorded from 68 ears and distortion product otoacoustic emissions（DPOAEs）from 60 ears in children with OSAHS between July 2005 and July 2006 at the 2nd Affiliated Hospital of Sun Yat-sen Uni• versity.
Materials and methods

Clinical data
ABRs were recorded in 34 children with OSAHS（23 males and 11 females） , aging 3-13 years（mean=7 years） . The disease course was from 1 months to 10 years （mean=2 years） . OSAHS was mild in 19, moderate in 9 and severe in 6 of these children. DPOAEs were re• corded in 30 children with OSAHS（21 males and 9 fe• males） , aging 3-12 years（mean=6.8 years） . The dis• ease course was between 1 month and 10 years（mean= 2.3 years） . OSAHS was mild in 17, moderate in 7 and severe in 6 of these children. The control group included 15 children（10 males and 5 females） , aging between 3 and 13 years （mean=7 years） . 1 Diagnosis of OSAHS: According to the diagnostic cri• teria for children by Peking Capital Medical University and overseas studies 4 , hypopnea is identified as a de• crease in the mouth-nose airflow during sleep by more than 50% compared with the baseline level that lasts longer than 6 seconds and is accompanied by a ≥4% decrease in blood oxygen saturation or light awakeness. Sleep apnea occurs when cease of airflow lasts longer . The tonsil was considered hypertrophic when 2nd or 3rd degree enlargement was seen. 3. All children involved had type"A"tympanograms. 4. Patients with ear or maxillofacial abnormalities, or history of noise exposure, neurologic diseases, use of ototoxic medicines or upper respiratory tract infection one week prior to the monitoring were excluded. History of snoring and chronic respiratory tract diseases were ruled out in Children enrolled in the control group.
Lab tests 1. Polysomnography （PSG） : A polysomnography recorder(model MS-SW2000C, Peking Mingsi Co., Beijing, China) was used. Patients were monitored for longer than 7 hours in natural sleep. Indices monitored included ECG, mouth-nose airflow, chest and abdominal wall movement, blood oxygen saturation and snoring. Results were analyzed on a PC computer. 2. ABRs: ABRs were recorded using an auditory evoked potential system（HIS, USA） in a sound-proof and electrically-shielded chamber while at sleep. Oral 10% chloral hydrate（0.4ml/kg) was used to induce sleep in children having difficulties falling asleep. The recording electrode was placed at Fz and the reference electrode at the ipsilateral mastoid process. Sweeps were 10 ms long and filtered between 100-3 000 Hz. Clicks were presented at a rate of 19.3/s at 80 dB nHL, and 1024 sweeps were averaged for each recording. The left and right ears were tested separately. Latencies of waves Ⅰ, Ⅲ and Ⅴ and intervals between waves Ⅰ-Ⅲ, Ⅲ-Ⅴ and Ⅰ-Ⅴ were analyzed. Testing was repeated at least twice for each recording. 3. Otoacoustic emissions: An otoacoustic emission system(IHS, USA) was used to record DPOAEs in a sound-proof and electrically-shielded chamber while the patient was awake. The f1 and f2 tones were set at 65 and 55 dB SPL respectively, with a frequency ratio (f2/f1) of 1.22. After levels of the primary tones had stabilized, amplitudes of the geometric mean of f2, f1
(2f1-f2) were measured at 0.5 to 8 kHz, using nonlinear sampling. Testing was repeated for each frequency.
Statistical analysis
Statistical analysis was performed using the SPSS for Windows(v. 11.5) software. All results were described as x ± s. The Student"t"test was used for comparison. Differences were considered statistically significant for P < 0.05.
Results
ABRs
We combined the moderate and severe OSAHS patients for analysis. ABR wave latencies and intervals showed no difference between children with mild OSAHS and those in the control group. Children with moderate/severe OSAHS, when combined together, showed delayed wave I latency （P< 0.05） but no difference in intervals between waves Ⅰ-Ⅲ, Ⅲ-Ⅴ and Ⅰ-Ⅴ when compared with normal children（Table 1） .
DPOAEs
DPOAE amplitudes at 8 kHz were found to be lower in children with mild OSAHS than children in the control group（P < 0.05） . DPOAE amplitudes at 6 and 8 kHz were lower in children with moderate/severe OSAHS than normal children （P<0.05） （Table 2, Figure 1） . severely affect a child' s growth, and sometimes result in serious complications. As a part of the nervous system, the auditory system can also be affected by hypoxia related to sleep apnea and hypopnea. Based upon out results, we conclude that OAE and ABR should be performed in children with moderate/severe OSAHS as early as possible in order to discover compromised auditory function.
